New chromatographic methods of identifying and separating porphyrins (Nicholas & Rimington, 1949 , 1951 Nicholas & Comfort, 1949; Nicholas, 1951; Chu, Green & Chu, 1951) have made possible the detection of previously undescribed porphyrins in biological material. The ether-soluble porphyrins found in the urine of men and of animals exposed to lead have been regarded until recently as consisting mainly, if not entirely, of coproporphyrin III. However, a tricarboxylic porphyrin has recently been found (Nicholas & IRimington, 1951) in the urine of a case of industrial lead poisoning and in a preparation of supposed coproporphyrin from the urine of lead-treated rabbits, as well as from other sources. Di-, penta-, hexa-and hepta-carboxylic porphyrins were found by the same workers in other pathological conditions. Weatherall & Comfort (1952) have also described tri-and tetra-carboxylic porphyrins, and have obtained evidence for the existence of a pentacarboxylic porphyrin in the urine of lead-poisoned rabbits, and have found similar porphyrins in the urine of normal rabbits. Kench, Lane & Varley (1952a, b) have found coproporphyrin I as well as coproporphyrin III, and an uncharacterized porphyrin in the urine of men suffering from lead poisoning. We have examined the urinary porphyrins of lead-treated rabbits in more detail and the results are described in this paper.
METHODS

Extraction of ether-8oluble porphyrin8from urine
Rabbits were maintained on a porphyrin-producing intake of lead as already described by us (Weatherall & Comfort, 1952) . Urine was separated from faeces by a grid ofsuitable mesh in the receiving area ofthe metabolism cages, collected without preservative and stored at 7°. Volumes of 0-5-2 1. were extracted by one of the two procedures described by Weatherall (1952) , involving treatment with ether and acetic acid and subsequent transfer to N-HCI. A few samples were extracted by adsorbing the porphyrins on calcium phosphate (Sveinsson, Rimington & Barnes, 1949) and dissolving in N-or 3N-HCI. Pooled HCI solutions were neutralized with sodium acetate, using bromophenol blue as external indicator, and the porphyrins were taken into ether. The solutions in ether were washed with water and taken to dryness under reduced pressure. The free porphyrins were esterified overnight with methanolic HCI or H2S04, transferred to CHC13, washed with water, 0-1M-Na,00,, and water, and were dried before chromatography.
Chromatography on aluminium oxide of porphyrin e8ter8
The methyl esters were dissolved in 1-5 ml. of benzene and chromatographed by Nicholas's (1951) 
Chromatography on paper of porphyrin esters
The method of Chu et al. (1951) was followed in detail, using kerosene b.p. 1800. Fractions obtained from the aluminium oxide column chromatograms were examined in this way, using methyl esters of deuteroporphyrin IX, coproporphyrin I and coproporphyrin III as markers. The modification of Kench et al. (1952b) was also used, in which the second solvent is run at right angles to the first.
Chromatography on paper offree porphyrins
The method of Nicholas & Rimington (1949 , 1951 , depending on partition between lutidine and water, was used. Porphyrin esters were saponified in 7N-HCl for 35 hr.
at room temperature before chromatography. Details of technique have been described by Weatherall (1952) .
RESULTS
Chromatography on aluminium oxide columns In all, six batehes ofesterified porphyrins from leadtreated rabbits were examined. Each batch contained between 1 and 5 mg. of porphyrin, and represented the output of about 10-S0 rabbit days.
Thirty-two rabbits contributed to the various batches; no rabbit contributed to more than two of the batches. One batch of about 0-5 mg. of porphyrin from four normal rabbits has also been examined: in view of the large amount of starting material necessary, detailed studies of the porphyrin of normal rabbit urine are incomplete and will be reported later. The chromatogramxs of the material from lead-treated rabbits were similar, and usually showed five fluorescent bands (numbered throughout this paper from below upwards) (Fig. 1 a) . Band 1 was a fluorescent colourless trace completely eluted by 10% chloroform in benzene. Table 2 ) Three spots-copro. III and two substances with lower RF values Copro. III uncorr.) like that of coproporphyrin III, but behaved differently on kerosene paper chromatography: it is further discussed below.
Samples of about 2 ptg. were taken from the eluted fractious, and from the mother liquors from which crystals had been obtained. These samples were hydrolysed and chromatographed on lutidine papers to determine the carboxyl number of the porphyrins present. The fractions usually yielded two or more spots. On the whole the early eluates contained porphyrins with high R1 values and the later eluates contained those with lower values. Porphyrins running parallel to standard coproporphyrin were present in nearly all the eluates at this stage. The mother liquors from which porphyrins had been crystallized still contained appreciable amounts ofred fluorescent material, and the paper chromatograms suggested that this remaining material was largely composed of tri-, penta-and hexa-carboxyl porphyrins.
The single batch of porphyrins extracted from normal, untreated rabbits'* urine showed on aluminium oxide chromatography bands 1, 2, 3
(predominant) and one or more further bands which migrated more slowly than coproporphyrin. The various components appeared to be present in much the same relative proportions as in the extracts of the urine of lead-treated animals, though the quantities were much less.
In the further investigation of the material from lead-treated rabbits, the eluted fractions which were too small to crystallize, or which failed to crystallize, and the mother liquors were combined in groups according to their predominant components and were chromatographed again on aluminium oxide columns. This second series of chromatograms resembled the preliminary runs in giving rise to several fractions, but the proportions differed, as expected, from the composition of the starting material.
Apparently corresponding fractions from these runs were combined as before and a third series of solid chromatograms was run on aluminium oxide columns. Three runs were made, with pools rich in esters of porphyrins with three, four, and five or more carboxyls respectively. The tricarboxylic porphyrin pool (Fig. lb) (Fig. 1 c) divided into three bands of which the first two appeared well separated. The first fraction was eluted with 10 % chloroform and on hydrolysis contained mainly tetracarboxylic porphyrins (lutidine R., 0.64) with a trace of pentacarboxylic material (R., 0-44). The second band was eluted by 20 % chloroform (sample 592) and contained only hexacarboxylic porphyrin (R1, 0-33). The third band was eluted by 30°% chloroform (sample 593), and, rather surprisingly, on lutidine chromatography of a hydrolysed portion appeared to contain tri-and tetra-carboxylic porphyrins (R1, 0-76 and 0-62).
As the amounts of material available were decreasing and the atypical porphyrins were proving difficult to separate completely, it was 29A decided to get as much further information as possible about the purer fractions already obtained, rather than to embark on extensive further extractions of rabbits' urine in order to obtain additional material.
Elution of the residue at the top of the column with methanol, or its hydrolysis with 7N-hydrochloric acid, always yielded a mixture similar to the substances eluted from the column, and it did not therefore appear that selective loss of any particular fractions was occurring in this way.
Kero8ene paper chromatography
Fractions which ran homogeneously on aluminium oxide columns and on lutidine papers were shown by kerosene paper chromatography to be non-homogeneous, and it was possible to recognize several porphyrins which occurred repeatedly in our material and which did not correspond to any of the standards examined. The regions of the twodimensional chromatograms in which the standard and the unknown porphyrins appeared are shown in Fig. 2, and a number of esterified carboxyl groups, and Nicholas & Rimington (1949 , 1951 (1), eluted from the aluminium oxide column with 5-10 % chloroform, is a minute trace, sometimes too small even for identification by paper chromatography, but it has been twice identified after hydrolysis as a dicarboxylic porphyrin. Band 2 consists mainly of tricarboxylic porphyrin esters. Band 3, containing the bulk ofthe material, yields largely coproporphyrmn, but in the preliminary chromatograms carried with it several other constituents in small amounts. Bands 4 and 5 contain a mixture of penta-and hexa-carboxylic porphyrin esters in varying amounts. However, lower carboxyl fractions sometimes appear in these final bands. In one preliminary run a tetracarboxylic porphyrin ester (465) was obtained from band 5 in sufficient amounts to crystallize. Also, the final band (593) of the pool of high-carboxyl esters gave both tri-and tetra-carboxylic porphyrins on hydrolysis. These tri-and tetra-carboxylic porphyrin esters did not behave on kerosene chromatography like the tri-and tetra-carboxylic esters which came off the aluminium oxide column at the expected time, and appear to be different entities. They are discussed below.
The majority of samples obtained from bands 4 and 5 gave free porphyrins with B. values on lutidine papers of about 0-3. If the relation between R, and number of carboxyls is strictly linear, this indicates a predominance of hexacarboxylic porphyrins. Occasionally spots with B, about 0-45-0-50 were found. These spots would correspond well with a pentacarboxylic porphyrin and support the hypothesis that the main constituent of the highcarboxyl fraction contains six carboxyl groups. Porphyrins extracted from the urine, adsorbed on talc, eluted and run on lutidine papers have given R, values about 0-35-0-40. We have previously reported observations indicating that a pentacarboxylic porphyrin is the main constituent of the high-carboxylic fraction (Weatherall & Comfort, 1952) , but in the light ofthe present observations on more highly purified material we regard this interpretation as doubtful.
Kerosene chromatograms of the porphyrin methyl esters show that most of the fractions obtained by alumina chromatography are not homogeneous, even when the corresponding free porphyrins behave as single substances on lutidine chromatography. From the behaviour of the esters we incline to the view that the uinknown tricarboxylic and hexacarboxylic porphyrins may exist in two isomeric series. If our chromatographic separations all correspond to structural differences, it is necessary to postulate no less than six or possibly seven porphyrin types other than coproporphyrin III, and perhaps I, in our material. The distinguishable porphyrins which -appear to be entities are here cited by letters, and their properties are given in Table 2 .
Porphyrin A oorresponds to band 1 from the aluminium oxide column. It behaves as a dicarboxylic porphyrin on lutidine chromatography. One sample only was examined by the method of Chu et al. (1951) . It ran with an RF of 0-16, which is close to the value obtained by Chu et al. with mesoporphyrin IX and protoporphyrin IX. It may also correspond with the unknown porphyrin reported in the urine of human lead-poisoned subjects by Kench et al. (1952b) . However, in our material, the possibility that it might arise from faecal contamination of urine specimens, though unlikely, is not wholly excluded.
The fraction eluted by 5 or 10% chloroform (band 2) contained tricarboxylic porphyrins. The purest samples (e.g. 571) ran as a single spot on lutidine papers, but as two, of roughly equal intensity, in one-and two-dimensional kerosene chromatograms (porphyrins B and C). Porphyrin C had an B. value by this method very close to that of coproporphyrin III, but no tetracarboxylic material was detectable by Nicholas's method. It seems likely that B and C are distinct tricarboxylic porphyrins and the possibility exists that they are, in fact, position isomers of series I and III.
The coproporphyrin band (3) almost alone gave crystals. The crystallized material generally contained small traces of tri-and penta-or hexacarboxylic porphyrins on hydrolysis and lutidine chromatography but ran as a single spot corresponding to coproporphyrin III by the method of Chu et al. (1951 
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creted in rabbit urine as compared with human (Schwartz & Zagaria, 1951) .
A third, presumably tetracarboxylic, porphyrin (D) was distinguished on kerosene chromatograms (sample no. 465). It was eluted from alumina with unusual difficulty, requiring 100 % chloroform for full removal. Crystals obtained from benzene-light petroleum solution had a melting point 146°( remelt 168°, uncorr.) compatible with coproporphyrin III. It ran in lutidine water as a tetracarboxylic porphyrin. On two-dimensional paper chromatography, trace spots corresponding to the positions of coproporphyrins I and III were just detectable, but the bulk of the sample always behaved quite differently (R. about 0 17/0.41) from coproporphyrin markers, and both on one-dimensional kerosene chromatography and on the column its behaviour was suggestive of a higher number of carboxyl groups than was found in any other substance isolated from our material. The main hexacarboxylic fraction (e.g. 592) appears, like the tricarboxylic fraction, to consist of two components, one moving rather like coproporphyrin III on two-dimensional kerosene papers (fraction E) and one much more slowly (fraction P).
Fraction E is differentiated from coproporphyrin III both by the behaviour of the hydrolysed porphyrin on lutidine papers and also by a consistently slightly lower Rp on one-dimensional kerosene papers.
The physiological significance ofthis large array of related substances is difficult to assess especially in view of the finding of one of us (Weatherall, 1952) that little if any of the ether-extractable porphyrin is present as such at the moment of excretion. The relative proportions of the porphyrins containing various numbers of carboxyl groups seem to differ little and there is no evidence that lead intoxication does more than provoke a general proportionate increase. Its effect on isomer distribution compared with the normal has not been studied by us, but we find very little if any coproporphyrin I in the leadtreated rabbit. SUMMARY
1. The porphyrins present in the urine of leadtreated rabbits have been examined chromatographically.
2. The chief porphyrin present was coproporphyrin III. Coproporphyrin I was not convincingly demonstrable in any of the material, and if present constituted a very small fraction of the total.
3. Evidence was obtained for the presence also of porphyrins containing two, three, six and perhaps five carboxyl groups. It is suggested that the tri-and hexa-carboxylic porphyrins exist in two position-isomeric forms.
4. Evidence was also obtained for the presence of another tetracarboxylic porphyrin not identical with coproporphyrin I or III.
